Introduction
Dementia mainly affects the elderly and inevitably leads to a loss of autonomy and independence. Currently there is little that can be done to prevent it (management of cardiovascular risk factors, nutrition, physical activity and emotional and social equilibrium) and the symptomatic treatment available is not particularly effective.
The French demographic structure is marked by the history of the twentieth century and the two World Wars. At present the over 65 age group comprises people born in a period with a low birth rate, related to the drop in births during the WWII (1939 45) period and the -arrival of the period of fertility of the children born during the 1914 18 war. This low birth rate cohort will soon be replaced by the baby -boom generation (increase in births between 1946 and 1973) who also benefited from increased life expectancy. So people over 65 years, who represent about 16 of the population at the moment, will be one quarter of the French population in a little over 20 years time. The % evolution of the aging process of the population, does not seem to be linear and will be less marked at the European level. In 1998 an American study forecast that, in the United States, there would be a tripling of the number of new cases and a quadrupling of the prevalence of dementias by 2050 . However, these numbers are probably an overestimation as there was, in particular, an under [1 ] estimation of mortality in demented subjects. In 2005, a French report presented, for France, projections for the number of dementia
The principal objective of our study is to estimate the projections of the number of cases of dementia until 2050 in France and in the 27 EU countries by using a model that takes into account dementia incidence and mortality. We tested the robustness of these estimates with different hypotheses taking into account estimates of alternative incidence and scenarios for life expectancy or using the hypothesis that a preventive intervention that delays the age of onset of the disease is put in place.
Methods
The statistical method used to achieve our projection was based on Brookmeyer s method published in 2000. The data required for ' [4 ] our calculation were: the number of population by age ( ) and sex ( ) for the year 2000, the incidence ( ) of dementia and Alzheimer s t s In ' disease (AD), the projections for the mortality ratio ( ) by age ( ), sex ( ) and years ( ) until 2050 and the relative mortality risk for d t s y demented patients by age group ( ).
λ
The size of the population by age and sex for the year 2000 was obtained through the INSEE site . Applying the prevalence figures [5 ] , to this population gave us both the number of demented patients by age and sex in 2000 and the size of the population free from [6 y-2000) ).
The number of new cases per year is obtained by multiplying, for each age and sex stratum the incidence by age and sex, by the size of the non-demented population by age and sex for the year studied. The survival of these incident cases and prevalent cases in 2000 was calculated using the . is the probability that a demented person living in the year of sex would still be alive in equation (2) Ps,t,y(D) ya s year and at the age . y t
Where is the relative risk (RR) of death in demented patients at the age in comparison with the non-demented population of the λ j j same age. The total number of dementia cases for each year is obtained by adding the incident cases to the surviving cases from the previous years. All the estimates are presented with ranges, the calculation of which is based on the confidence interval for the incidence of dementia
Data sources and definition of our principal projection scenario
We first chose certain values, that seemed most reasonable to us, to construct a The incidence data principal projection scenario.
used came from the EURODEM analysis . [8 ] The mortality coefficient of the French population by age, sex and year until 2050 were obtained through the INSEE site. In France, over the period 1988 2002, the evolution of the mortality quotients, for each sex/age combination (by 5 year age group) follows an -exponential law . So, the logarithms for the quotients have a rectilinear trend. INSEE s central demographic scenario draws up the
hypothesis that the logarithms of the mortality quotients will continue to follow this same rectilinear trend until 2050, and therefore have been estimated by extrapolation of these trends by age, sex and calendar year until 2050 . For the reported proportions of the total [9 ] population the hypothesis of the fertility used was a constant of 1.9 children/woman.
The RR of death of demented patients were calculated from crude data published in a Canadian study . These were non adjusted [10 ] rates, estimated in three age groups (RR 3.75 between 65 and 74 years, RR 2.59 between 75 and 84, RR 1.59 after 85).
Sensitivity analysis, construction of alternative scenarios
We varied the values of the data used one by one, to construct alternative scenarios.
Scenario S1
Variation of the incidence: the EURODEM incidence data were replaced by data from the PAQUID study which was done in a region of south west France .
[6 ]
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Scenario S2
Variation of the relative mortality risk: we estimated a constant RR ( 1.8), from several papers presenting RRs adjusted for different 
Scenario S3
Demographic projection with a life expectancy in 2050 longer than that used in the central scenario : scenario with a high increase
in life expectancy in which the projected mortality quotients were calculated using a hypothetical life expectancy in 2050 of 2.5 years above that used for the central scenario.
Scenario S4
Demographic projection with a life expectancy in 2050 below than that used in the central scenario : scenario with a low increase
in life expectancy in which the projected mortality quotients were calculated using a hypothetical life expectancy in 2050 of 2.5 years lower that used for the central scenario.
Scenario S5
Simulation of therapeutic or preventive intervention in 2010: simulating the impact of an intervention (starting in 2010) which would delay the onset of the dementia by 1, 2 or 5 years. This impact was evaluated on all types of dementia and specifically on AD.
European analyses
The same methodology was applied to the European projections, the demographic data was obtained from the EUROSTAT site [13 - . The data on the European population sizes and mortality coefficients after the age of 80 years were only available for all the subjects 15 ] over 80 grouped together. By default we used the French data, for the distribution by age of subjects over 80 years of age in 2000, and for the mortality coefficients after that age.
Calculation of the economic burden in France
These calculations were done from the available French estimations , of the direct cost strictly attributable to AD. After [16 17 ] correction with the retail price index, this cost was 22,800 Euros per individual (in 2007 Euros). It included the drugs costs, the accommodation costs, and the remunerated and non-remunerated care costs. The projections for the economic burden were first calculated for the overall burden, then divided by the total population and the active population.
Results
Principal scenario: ( , & ) Table 1 figure 1 2 In 2010 in France, 754,000 people would be affected by dementia, 72 would be women. This total number of dementia cases would % be 1.2 of the total population, 7.9 of the population over 65 years of age, and 2.8 of the active population.
% % %
In 2050, 1,813,000 people would be affected by dementia, 68 would be women. This total number of dementia cases would be 2.5 % % of the total population, 9.6 of the population over 65 years of age, and 6.2 of the active population.
% %
During the period 2010 2050, the number of dementias is multiplied by 2.4, this is an average increase of 2.2 per year over 40 years.
-% This is not a linear change, it would be affected by several periods of acceleration and slowing as various birth cohorts arrive in the age groups with high incidence of dementia. Throughout the period studied the subjects aged between 75 and 85 years represented more than 50 of dementia cases and it is the change in the size of this age group which will mostly affect the change in the number of cases The use of alternative hypotheses, involving the disease incidence and relative mortality risk, produced an increase in the number of cases forecast in 2050 of 5.9 (i.e. an additional 107,000 cases) and 6.3 (i.e. an additional 115,000 cases) respectively in comparison + % + % with our principal scenario.
The use of alternative hypotheses for the evolution in mortality produced a forecast that the number of cases would be lower by 22.2 − (402,000 cases less) for the low demographic scenario, and higher by 29.7 (540,000 additional cases) for the high demographic % % scenario. Table 3 An intervention, producing a reduction in the incidence of dementias from 2010, would have an impact 5 years after it was started.
Impact of an intervention ( )
Delaying the onset of dementias, overall, or specifically AD by 1, 2 or 5 years, would reduce the prevalence of these diseases in the medium and the long term by about 10, 20 and 50 respectively. Table 4 Using the hypothesis of a fixed cost over time, the total direct cost strictly attributable to dementia would increase proportional to the number of cases, reaching 41 billion Euros in 2050. This burden could be borne by the active section of the population which is likely to remain stable at around 28 million people between 2010 and 2050
. This cost will therefore almost triple during this period, increasing The key points of our study have been: performing the study with a model using high quality incidence and mortality data from French and European studies, using the relative mortality risk stratified by age, and performing a sensitivity analysis to test the robustness of our projections.
We constructed our principal scenario with data on the incidence of dementia which integrated the results of several European studies, a method which has the advantage of being, in principle, more precise and allowing us to reduce the variance of the estimated population sizes. Nonetheless these data are relatively old (data published in the 90 s with predominantly DSMIII criteria) and it is possible that they ' may have underestimated the real incidence of the disease. In fact, despite using precise criteria for diagnosing dementia, an important part of the diagnosis is left up to the clinician s subjective evaluation. This explains why, since 1998 and the introduction of ' acetylcholinesterase inhibitors, the diagnosis of dementia is made with a higher MMSE score than previously and with less emphasis on the activities of daily living. All the same it is probable that, if an effective treatment is found in the future, the diagnosis will be made even earlier and the number of cases will soar, but not the number of dependent people.
Generally, future parameters, like diagnostic of AD by biomarkers, are likely to lead to earlier diagnosis. Although these parameters will have no impact on disease incidence, they will increase time lived after diagnosis. However, the increase in the resulting prevalence, will not be accompanied by an increase in the number of dependent people, and will probably have little effect on the social burden of the disease. In this context, carrying out of projection of the number of dependent people would have enabled us to produce estimates robust to the shifting diagnosis point. Unfortunately absence of reliable data on the incidence and the survival of this population, prevent us from carrying out this type of projection.
It is also possible that the measurement of the incidence in the large cohorts was underestimated due to the competitive risk of death occurring between the 2 follow up visits . Nevertheless the fact that these subjects had not been diagnosed in the study indicates that [19 ] the magnitude of their impact on the health system and their care-givers was low. So we chose not to take into account the corrected figures on this effect for our estimates.
Our projections hypothesised that the incidence did not change until 2050. This is a bold hypothesis which requires discussion. We already know that certain dementia protective factors, such as the education level and management of cardiovascular risk factors, is likely to be very different in the coming generations. Besides, a recent American study showed a drop in the prevalence of cognitive impairment between 1993 and 2002 . According to this study this drop could partly be due to an increase in the educational level of elderly [20 ] populations between these two times. Other factors such as life style and the environment for the subsequent generations of elderly people 5 9 would probably also be very different (diet, activities, exposure to toxic substances, and so on). So it is difficult to anticipate the future evolution of the incidence of dementias.
For the calculations specific to France, projections done for a report drawn up before the 3 Governmental Plan on Alzheimer s rd ' disease was initiated, estimated the number of cases prevalent in 2004 as 856,000 and as 2,020,000 in 2040 . This report used the [2 ] prevalence data from the PAQUID study and not the incidence data. It is interesting to note that a similar calculation based on the prevalence data from the EURODEM study also gives a lower estimate with 683,889 cases in 2005. In the end, the sensitivity [21 ] analysis done with the incidence data from the PAQUID study showed a difference with our results of 100,000 cases in 2050.
[6 ] [7 ] The calculations done using the incidence of cases also allowed integration of the case survival parameters. Our choices for these parameters were different to those in Brookmeyer s paper which introduced a RR adjusted for mortality for demented patients constant
with age of 1.4 , which is one of the lowest found in the literature , . However, the use of adjusted rates does not seem
[11 23 -25 ] adequate to us, in that demented patients are not identical to non-demented patients in their mortality risk factors (for example, the educational level and cardiovascular risk factors affect the risk of developing the disease and also the risk of death). To use an adjusted RR factor leads one to consider demented patients as strictly comparable to the rest of the population and therefore to underestimate the excess mortality in these patients. For example: a study done in 2005 found an adjusted mortality RR of 1.4 and a nonadjusted risk of 2. 6 .
Also, the use of RR stratified for age is justified by the results of several studies , , , the youngest demented subjects presenting a [11 23 27 ] higher RR than the older individuals. Thus, the sensitivity analysis with the use of a fixed RR of 1.8 modifies, in particular, the estimates which are the highest with this fixed risk. For example, a difference of nearly 50,000 cases is shown from 2020. A recent study from Brookmeyer uses an additive type excess mortality risk. Whatever age the individual was, 6 years after the onset of AD the probability
of death was increased by 11 . We did not use this method because of the diversity of the time periods for development of dementias, % notably as a function of the age, and the hypothesis of a zero relative mortality risk during the first six years which seems very unlikely due to the very advanced ages. This study anticipated a 2.28 multiplication of the number of cases between 2006 and 2050 in Europe, our work provides for a 2.62 multiplication of cases over the same period.
The main element which would vary our projections is the evolution of mortality (more than 20 difference depending on the % population mortality scenario chosen). However it is difficult to decide on the most probable scenario. INSEE asked a panel of experts about this point. They arrived at the conclusion that the central mortality scenario would be rather optimistic for women and rather pessimistic for men (delayed onset), the central hypothesis is currently the most reasonable but the differences depending on the scenarios used are such that the demographic parameters must be updated regularly so that the estimates can be as precise as possible.
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